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Preface 
IIASA, according to its charter, has an inherent interest in a 
systems approach to the global-resources problem. In fact, 
IIASA has sponsored a series of conferences designed to survey 
and monitor global modeling efforts conducted elsewhere. The 
present paper describes a methodological approach to the kind 
of global planning that might help avert the detrimental con- 
sequences of an unchecked continuation of current population 
and industrialization trends. 
Thanks are due to ~Gnther Fischer for formulating the computer 
program for the gaming model presented in this paper. 

A b s t r a c t  
A number o f  e f f o r t s  t o  d e a l  w i t h  t h e  problem of s h r i n k i n g  g l o b a l  
r e s o u r c e s  have succeeded i n  a l e r t i n g  t h e  p u b l i c  t o  t h e  conse-  
quences of  a  c o n t i n u i n g  l a i s s e z - f a i r e  a t t i t u d e  i n  t h e  f a c e  of  
c u r r e n t l y  o b s e r v a b l e  p o p u l a t i o n  and i n d u s t r i a l i z a t i o n  t r e n d s ,  
b u t  l i t t l e  h a s  been done t o  p rov ide  p o s i t i v e  a s  w e l l  a s  r e a l -  
i s t i c  p l a n s  f o r  c o u n t e r i n g  t h e  t h r e a t s  o f  such  d i s a s t e r s .  
A s y s t e m a t i c  move i n  t h e  d i r e c t i o n  o f  c o n s t r u c t i v e  g l o b a l  p lan-  
n i n g  w i l l  have t o  be  based on a  nex k ind of  model which i n c l u d e s  
r e a c t i o n s  t o  u n c e r t a i n  c o n t i n g e n c i e s  a s  t h e y  a r i s e .  The p r e s e n t  
paper  i s  in tended  t o  p r o v i d e  a  me thodo log ica l  approach t o  t h e  
d e s i g n  of  p l a n n i n g  models a p p r o p r i a t e  f o r  t h i s  purpose .  
The i l l u s t r a t i o n  presenteG 5ere, i n  c o n t r a s t  t o  t r a d i t i o n a l  
approaches ,  h a s  t h e  form o f  a n  i n t e r a c t i v e  s i m u l a t i o n  model. I n  
a d d i t i o n  t o  t r e n d s ,  such a s  p o p u l a t i o n ,  p o l l u t i o n ,  o r  p e r - c a p i t a  
food s u p p l y ,  it a l s o  i n c l u d e s  e v e n t s .  The l a t t e r  a r e  o f  two 
k i n d s :  s t o c h a s t i c  o c c u r r e n c e s ,  such a s  t e c h n o l o g i c a l  break- 
t h r o u g h s ,  which r e p r e s e n t  u n c e r t a i n  c o n t i n g e n c i e s ;  and d e l i b e r a t e  
i n t e r v e n t i v e  r e a c t i o n s  t o  t h e s e  c o n t i n g e n c i e s ,  such a s  l e g i s -  
l a t i v e  a c t s ,  t r e a t i e s ,  o r  R+D e f f o r t s .  
A f u l l - f l e d g e d  a t t e m p t  t o  app ly  such p r e c e p t s  t o  g l o b a l  p lann ing  
would r e q u i r e  a  v e r y  s u b s t a n t i a l  e f f o r t .  The p r e s e n t  paper  re- 
p r e s e n t s  a  f i r s t  me thodo log ica l  s t e p  toward t h e  implementa t ion  
o f  such a n  endeavor .  
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I n  a n  e a r l i e r  p u b l i c a t i o n '  I p o i n t e d  o u t  t h a t  t h e  system- 
dynamics a p p r o a c h  t o  t h e  g l o b a l - r e s o u r c e s  problem2 h a s  c e r t a i n  
d e f i c i e n c i e s  i n  t h a t  it r e p r e s e n t s  a  d e t e r m i n i s t i c  r a t h e r  t h a n  
s t o c h a s t i c  model and t h a t  it c o n s i d e r s  t h e  i n t e r r e l a t i o n s  among 
t r e n d s  o n l y  i n s t e a d  o f  among e v e n t s  a s  w e l l  a s  t r e n d s .  The 
second o f  t h e s e  seems t o  be t h e  more s e r i o u s  s h o r t c o m i n g ,  and 
it i s ,  i n  t h i s  r e s p e c t ,  i n  t h e  good company o f  s t a n d a r d  econo- 
metric models ,  which s i m i l a r l y  c a n  o n l y  be  made t o  r e spond  t o  
sudden  exogenous p e r t u r b a t i o n s  t h r o u g h  t h e  d e v i c e  o f  a  " s y s t e m s  
3 b r e a k "  , i . e . ,  a n  a S r u p t  s w i t c h  t o  a d i f f e r e n t  s e t  o f  i n p u t  p a r a -  
meters. 
The p u b l i c a t i o n  o f  t h e  Limits- to-Growth s t u d y  h a s  had t h e  
immensely b e n e f i c i a l  e f f e c t  o f  a l e r t i n g  p e o p l e  t h r o u g h o u t  t h e  
wor ld  t o  t h e  c a t a s t r o p h i c  i m p l i c a t i o n s  w i t h i n  t h e  t w e n t y - f i r s t  
c e n t u r y  o f  d o i n g  n o t h i n g  t o  p r e v e n t  a  c o n t i n u a t i o n  o f  p r e s e n t  
t r e n d s  i n  r e s o u r c e  d e p l e t i o n  and r i s i n g  p o p u l a t i o n  l e v e l s .  T h i s  
warn ing  hav ing  been  e f f e c t i v e l y  conveyed ,  however,  it i s  impera- 
t i v e  t h a t  a  c o n s t r u c t i v e  approach  be  i n i t i a t e d  i n  t h e  form o f  a 
p l a n  o f  a c t i o n  t h a t  w i l l  f o r e s t a l l  t h e  d i r e  g l o b a l  consequences  
o f  i n a c t i o n .  
A s  c o n d i t i o n s  g e t  w o r s e - - i n s u f f i c i e n t  food  p e r  c a p i t a ,  i nad -  
e q u a t e  e n e r g y  s u p p l y ,  d e p l e t e d  m i n e r a l  r e s o u r c e s ,  an  i n s u f f e r a b l y  
p o l l u t e d  e n v i r o n m e n t - - i t  i s  i n c o n c e i v a b l e  t h a t  governments  
t h r o u g h o u t  t h e  wor ld  would p a s s i v e l y  s i t  by and b e  c o n t e n t  watch-  
i n g  t h e  demise  o f  c i v i l i z a t i o n .  I n  f a c t ,  i n t e r v e n t i v e  e v e n t s  
would i n e v i t a b l y  t a k e  p l a c e ,  i n  t h e  form of  r e g u l a t i v e ,  l e g i s -  
l a t i v e ,  and d i p l o m a t i c  a c t i o n s ,  a s  w e l l  a s  o f  a  r e i n f o r c e d  en- 
d e a v o r  t o  b r i n g  a b o u t  t h e  t e c h n o l o g i c a l  advances  r e q u i r e d  t o  h a l t  
t h e  o b s e r v e d  t r e n d s  toward  d i s a s t e r .  
To cope  w i t h  t h e  deve lopment  o f  g l o b a l  p l a n s  f o r  moving i n  
t h i s  d i r e c t i o n ,  it i s  n e c e s s a r y  t o  d e s i g n  a  new t y p e  o f  model ,  
c a p a b l e  o f  s y s t e m a t i c a l l y  h a n d l i n g  t h e  o c c u r r e n c e  o f  i n t e r v e n t i v e  
e v e n t s .  The c o n s t r u c t i o n ,  i n  d e t a i l ,  o f  such  a  model,  because  
of  t h e  o b v i o u s l y  enormous c o m p l e x i t y  o f  t h e  s u b j e c t  m a t t e r ,  re- 
q u i r e s  a  v e r y  c o n s i d e r a b l e  e f f o r t  by a  team a t  l e a s t  comparable  
i n  s i z e  and i n  c r o s s - d i s c i p l i n a r y  d i v e r s i t y  t o  t h a t  o f  t h e  Mead- 
ows team. I n  t h i s  a r t i c l e ,  I wish  mere ly  t o  i n d i c a t e  a  methodo- 
l o g i c a l  approach  t o  t h i s  t a s k ,  u s i n g  c r o s s - i m p a c t  gaming. I 
h a s t e n  t o  add t h a t  t h e  c o n c e p t s  o f f e r e d  h e r e  a r e  i n  need o f ,  and 
d e s e r v e ,  a  good d e a l  o f  f u r t h e r  r e f i n e m e n t 4  and t h a t  t h e  numeri- 
c a l  examples  a r e  i n c l u d e d  s t r i c t l y  f o r  i l l u s t r a t i v e  p u r p o s e s  and 
c a r r y  no c l a i m  t o  v e r i s i m i l i t u d e  e x c e p t  i n  o rde r -o f -magn i tude  
t e r m s .  
The c o n s t r u c t i o n  o f  a  c r o s s - i m p a c t  model r e q u i r e s  t h e  f o l -  
l owing  select i o n s  : 
( 1 )  The t i m e  h o r i z o n ;  i n  t h e  p r e s e n t  c a s e :  2027. 
( 2 )  The t e m p o r a l  " r e s o l u t i o n " ,  i . e . ,  t h e  f i n e n e s s  o f  t h e  
t e m p o r a l  g r i d ;  f o r  t h i s  w e  have chosen  5  y e a r s .  I n  
o t h e r  words,  t h e  e n t i r e  50-year  p e r i o d  under  c o n s i d e r a -  
t i o n ,  f rom t h e  p r e s e n t  t o  2027, i s  d i v i d e d  i n t o  10 
" s c e n e s "  o f  5 y e a r s  each .  
( 3  The d e c i s i o n - m a k e r s  t o  b e  e x p l i c i t l y  r e p r e s e n t e d ;  f o r  
i l l u s t r a t i v e  p u r p o s e s ,  w e  have  chosen  ( a )  t h e  U . N . ,  
( b )  t h e  U.S., and ( c )  OPEC. They a r e  t h e  " p l a y e r s "  i n  
t h e  c r o s s - i m p a c t  game t o  b e  c o n s t r u c t e d .  
( 4 )  The p o t e n t i a l  f u t u r e  e v e n t s  t h a t  have  a n o n n e g l i g i b l e  
c h a n c e  of  o c c u r r i n g  and  t h a t  would, i f  t h e y  o c c u r r e d ,  
have  a profound e f f e c t  on  t h e  s i t u a t i o n  under  c o n s i d e r a -  
t i o n .  I n  t h e  p r e s e n t  c a s e ,  9 s u c h  e v e n t s  have been i n -  
c l u d e d :  
E l :  Breede r  r e a c t o r  ( t h e  p l a c i n g  i n t o  o p e r a t i o n  of  t h e  
f i r s t  b r e e d e r  r e a c t o r  w i t h  a  c a p a c i t y  o f  a t  l e a s t  
500,000 kw) 
E2: S o l a r  power p l a n t  ( t h e  p l a c i n g  i n t o  o p e r a t i o n  o f  
t h e  f i r s t  s o l a r  power p l a n t  w i t h  a  c a p a c i t y  o f  a t  
l e a s t  500,000 kw) 
E3: F u s i o n  power p l a n t  ( t h e  p l a c i n g  i n t o  o p e r a t i o n  of  
t h e  f i r s t  f u s i o n  power p l a n t  w i t h  a c a p a c i t y  of  a t  
l e a s t  500,000 kw) 
E 4 :  S t o r a g e  b a t t e r y  ( a  t e c h n o l o g i c a l  b reak th rough  
making it economical ly  f e a s i b l e  t o  s t o r e  l a r g e  
q u a n t i t i e s  of  e l e c t r i c i t y )  
*E5: Minera l  e x t r a c t i o n  ( a  t e c h n o l o g i c a l  b reak th rough  
i n  m i n e r a l  e x t r a c t i o n - - i n c l u d i n g ,  f o r  example, 
ocean mining and t h e  u s e  of  s a t e l l i t e s  f o r  d e t e c -  
t i o n  of  o r e  deposi t s - -making it p o s s i b l e  t o  ex- 
t r a c t  m i n e r a l s  a t  l e s s  t h a n  h a l f  of t h e  p r e v i o u s  
c o s t )  
*E6: D e p o l l u t i o n  ( a  t e c h n o l o g i c a l  b reak th rough  i n  de- 
p o l l u t i o n ,  making it p o s s i b l e  t o  a c h i e v e  depo l -  
l u t i o n  a t  less  t h a n  h a l f  t h e  p r e v i o u s  c o s t )  
*E7: N o n a g r i c u l t u r a l  food ( a  t e c h n o l o g i c a l  b reak th rough  
i n  n o n a g r i c u l t u r a l  food p r o d u c t i o n ,  such  a s  aqua- 
c u l t u r e  o r  manufacture  of  a r t i f i c i a l  p r o t e i n ,  
making i t  e c o n o n i c a l l y  f e a s i b l e  t o  i n c r e a s e  t h e  
p r e v i o u s  world food p r ~ 3 u c t i o n  by a t  l e a s t  20%)  
E8: Weather c o n t r o l  ( a  t e c h n o l o g i c a l  b reak th rough  
making it economical ly  f e a s i b l e  t o  b r i n g  a b o u t  
s u b s t a n t i a l  r e g i o n a l  weather  changes )  
E9: Transmuta t ion  ( a  b reak th rough  i n  p h y s i c s  making 
it economica l ly  f e a s i b l e  t o  manufacture  many chemi- 
c a l  e l ements  from subatomic b u i l d i n g  b l o c k s  and 
t h u s  t o  c o n v e r t  abundan t ly  a v a i l a b l e  low-grade 
s u b s t a n c e s  i n t o  h igh-grade  raw m a t e r i a l s )  
I t  i s  i m p o r t a n t  t o  n o t e  t h a t  none of t h e s e  e v e n t s  d i -  
r e c t l y  r e p r e s e n t  p o t e n t i a l  p l a y e r  d e c i s i o n s .  Most of  
them, i f  n o t  a l l ,  however, can  b e  a f f e c t e d  by such de- 
c i s i o n s .  Some e v e n t s ,  a n n o t a t e d  w i t h  a s t e r i s k s ,  a r e  
p o t e n t i a l l y  r e c u r r e n t ;  t h e  remainder  may occur  o n l y  once .  
( 5 )  The t r e n d s  t h a t  ought  t o  be  moni tored  because  any unex- 
p e c t e d  d e v i a t i o n s  of t h e i r  v a l u e s  from t h e i r  a n t i c i p a t e d  
c o u r s e s  would p ro found ly  a f f e c t  t h e  s i t u a t i o n  under  con- 
s i d e r a t i o n .  The f o l l o w i n g  11 such t r e n d s  w e r e  s e l e c t e d :  
T I  : World p o p u l a t i o n  ( i n  b i l l i o n s )  
T 2 :  Food p e r  c a p i t a  ( u s i n g  a n  index  v a l u e  of 100 f o r  
1977) 
T3: P o l l u t i o n  (an  o v e r a l l  index of  p o l l u t i o n ,  on a  
s c a l e  from 0  [= no p o l l u t i o n ]  t o  100 [= a l l  l i f e  
e x t i n c t ] ,  w i t h  t h e  1977 l e v e l  set a r b i t r a r i l y  a t  25) 
T 4 :  Raw m a t e r i a l s  ( t h e  known r e s e r v e s  of  nonrenewable 
raw m a t e r i a l s ,  o t h e r  t h a n  f u e l ,  t h a t  a r e  economi- 
c a l l y  e x p l o i t a b l e  by e x i s t i n g  e x t r a c t i o n  methods,  
u s i n g  a n  index  v a l u e  of 100 f o r  1977) 
T5: I n d u s t r i a l  o u t p u t  p e r  c a p i t a  ( u s i n q  an  i n d e x  v a l u e  
o f  100 f o r  1977)  
T6: B i r t h  c o n t r o l  a c c e p t a n c e  ( t h e  p e r c e n t a g e  o f  t h e  
w o r l d ' s  p o p u l a t i o n  who i n  p r i n c i p l e  h a v e  a c c e p t e d  
t h e  i d e a  o f  b i r t h  c o n t r o l )  
T7: A c r e a g e  p r o d u c t i v i t y  ( a  w o r l d  a v e r a g e ,  u s i n g  a n  
i n d e x  v a l a e  o f  100 f o r  1977 )  
T8: E n e r g y  p r o d u c t i o n  ( t h e  t o t a l  p r o d u c t i o n  o f  a l l  
f o r m s  o f  e n z r g y ,  u s i n g  a n  i n d e x  v a l u e  o f  100 f o r  
1 9 7 7 )  
T9: I n v e s t m e n t  f r a c t i o n  ( t h e  amount o f  i n v e s t m e n t  i n  
c a p i t a l  g o o d s ,  e x p r e s s e d  as  t h e  p e r c e n t a g e  o f  t h ~  
sum o f  s u c h  i n v e s t m e n t  and  p e r s o n a l  c o n s u m p t i o n  
e x p e n d i t u r e s )  
TI 0  : H a r v e s t  c o n d i t i c ) n s  ( t h e  a v e r a g e  hrj I v e s t  c o n d i t i o n s ,  
a s  d e t e r m i n e d  by w e a t h e r ,  p e s t s ,  d i s e a s e s ,  and  
n a t u r a l  c a t a s L r o p h e s ,  measured  or, a scale f r om 0  
t o  1 0 0 ,  w i t h  t h e  1977 l e v e l  s e t  a r b i t r a r i l y  a t  5 0 )  
T11: Q u a l i t y  o f  l i f e  (a w o r l d  a v e r a g e ,  measu red  on  a 
s c a l e  f r o m  0  t o  1 0 0 ,  w i t h  t h e  1977 l e v e l  se t  a r b i -  
t r a r i l y  a t  50 )  
W e  n o t e  t h a t  t h e  f i r s t  f i v e  o f  t h e s e  are i d e n t i c a l  w i t h  
t h e  f i v e  p r i n c i p a l  t r e n d s  whose i n t e r a c t i o n s  were i n v e s -  
t i g a t e d  i n  t h e  L imi t s - t o -Growth  s t u d y .  
( 6 )  The  a c t i o n s  t h a t  t h e  p l a y e r s  may t a k e .  Among t h e  many 
t h a t  m i g h t  h a v e  b e e n  c h o s e n ,  t h e  f o l l o w i n g  w e r e  s e l e c t e d  
t o  i l l u s t r a t e  t h e  p o t e n t i a l s  o f  a gaming  a p p l i c a t i o n .  
The p a r e n t h e t i c a l  l e t t e r s  r e f e r  t o  t h e  p l a y e r s  ( a = U . N . ,  
A l :  Ban o n  f i s s i o n  r e a c t o r s  ( a r b )  
A 2 :  D e p o l l u t i o n  t . r e a t y  ( a )  
A3: E s t a b l i s h m e r i t  of a w o r l d  f o o d  bank ( a )  
A4: G l o b a l  a g r i t e c h n o l o g y  t r a n s f e r  ( a , b )  
A5: O i l  s u p p l y  d i s r u p t i o n  ( c )  
A6: Law d i s c o u r a g i n g  e n e r g y  w a s t e  ( b )  
A7 : G l o b a l  b i r t h  co r l t - r o l  p ropagandd  ( a ,  b )  
A8-A16: R+D t o  p r o m o t e  El-E9 r e s p e c t i v e l y  ( b )  
A17: R+D t o  p r o m o t e  T5 ( b )  
A18: R+D t o  p r o m o t e  1'10 (a ,L.  
( 7 )  A b u d g e t  f o r  e a c h  p l a y e r  and  e a c h  s c e n e ,  as  w e l l  as  p r i c e  
t a g s  f o r  t h e  a c t i o n s  ( a s  a f u n c t i o n  o f  t h e  i n t e n s i t y  o f  
t h e i r  e n a c t m e n t ,  w h e r e  a p p r o p r i a t e ) .  The  d e t a i l s  i n  t h i s  
r e g a r d  w i l l  n o t  be  i n c l u d e d  i n  t h i s  r e p o r t .  
Having t h u s  c h o s e n  t h e  e l e m e n t s  t o  b e  r e p r e s e n t e d  i n  t h e  
model ,  t h e  n e x t  s t e p  i s  t o .  p r o v i d e  some n u m e r i c a l  e s t i m a t e s  f o r  
t h e  i n p u t  d a t a .  Excep t  f o r  t h e  p r e s e n t ,  1977,  s i t u a t i o n  ( t h e  
i n i t i a l  s t a t u s  o f  Scene  l ) ,  a l l  o f  t h e  i n p u t s  r e f e r  t o  t h e  f u t u r e ;  
h e n c e ,  by t h e i r  n a t u r e ,  t h e y  c a n  a t  b e s t  b e  based  on e x t r a p o l a -  
t i o n s  from t h e  p a s t  b u t  i n  a l l  c a s e s  r e q u i r e  some e x p e r t  judgment.  
To o b t a i n  s u c h  judgmenta l  d a t a ,  a  method s u c h  a s  D e l p h i  migh t  
recommend i t s e l f .  I n  p a r t i c u l a r ,  t h e  f o l l o w i n g  e s t i m a t e s  a r e  
r e q u i r e d  (and t h e  s p e c i f i c  numbers c h o s e n ,  a s  s t a t e d  b e f o r e ,  
s i n c e  t h e y  a r e  i l l u s t r a t i v e  o n l y ,  a r e  i n t e n d e d  t o  b e  a c c u r a t e  
o n l y  i n  t h e i r  o r d e r  o f  magn i tude )  : 
( 8 )  The p r o b a b i l i t i e s  o f  o c c u r r e n c e ,  w i t h i n  e a c h  s c e n e ,  of  
t h e  e v e n t s .  I n  t h e  c a s e  GL n o n r e c u r r e n t  e v e n t s ,  e a c h  
number i n d i c a t e s  t h e  p r o b a b i l i t y  c o n d i t i o n a l  upon t h e  
e v e n t  n o t  a l r e a d y  hav ing  o c c u r r e d  i n  a n  e a r l i e r  s c e n e :  
( 9 )  The a n t i c i p a t e d  t r e n d  v a l u e s  a t  t h e  b e g i n n i n g  o f  each  
s c e n e ,  from 1  t o  11 ,  where t h e  v a l u e  a t  t h e  b e g i n n i n g  o f  
Scene  11 o f  c o u r s e  r e p r e s e n t s  t h e  t e r m i n a l  v a l u e  f o r  
Scene  10:  
T1 
T2 
T3 
T 4  
T5 
T6 
T7 
T8 
T9 
T I  0  
T l l  
( 1 0 )  The v o l a t i l i t y ,  v ,  of  t h e  t r e n d s ,  i . e . ,  t h e  p r e c i s i o n  
( o r  l a c k  o f  i t )  t o  b e  a t t a c h e d  t o  scene-by-scene  t r e n d  
f o r e c a s t s .  For  example,  i f  t h e  v a l u e  o f  TI a t  t h e  be- 
g i n n i n g  o f  Scene  5  s h o u l d ,  i n d e e d ,  t u r n  o u t  t o  b e  5 . 3  
a s  i n d i c a t e d  above ,  t h e  f o r e c a s t  o f  5 . 6  f o r  t h e  end o f  
t h a t  s c e n e  (=  t h e  b e g i n n i n g  o f  Scene  6 )  s h o u l d  b e  i n -  
t e r p r e t e d  a s  b e i n g  a  v a l u e  drawn from a  normal  d i s t r i -  
b u t i o n  a b o u t  5 .6  whose q u a r t i l e s  a r e  a t  5 .6  f v .  Fo r  
s i m p l i c i t y ,  t h e  v a l u e s  o f  v  have  been  assumed t o  b e  
c o n s t a n t  f o r  a l l  s c e n e s ,  a s  f o l l o w s :  
TI T i  T4 T5 T6 T7 T 8  T9 TI0  TI1 T  
v  . 0 5  1 . 5 2 . 5  4 3 3  5 . 5  5  2 . 5  
The r a n d o m i z a t i o n  i n t r o d u c e d  i n  t h i s  manner s i m u l a t e s  
exogenous  s o u r c e s  o f  u n c e r t a i n t y  w i t h  which a  p l a n n e r  
would b e  f a c e d  i n  t h e  r e a l  w o r l d .  
( 1 1 )  The c r o s s  i m p a c t s  among t h e  deve lopmen t s  ( i . e . ,  t h e  
s e l e c t e d  e v e n t s  and t r e n d s ) .  These  a r e  t a b u l a t e d  i n  
m a t r i x  form,  where e a c h  number r e p r e s e n t s  t h e  e f f e c t  
o f  t h e  deve lopment  l i s t e d  on  t h e  l e f t  upon t h a t  l i s t e d  
above  : 
I n  t h e  c a s e  of  a n  e v e n t ,  t h e  e f f e c t  d e r i v e s  f rom i t s  
o c c u r r e n c e  o r  n o n o c c u r r e n c e ;  i n  t h e  c a s e  o f  a  t r e n d ,  
t h e  e f f e c t  i s  i n  g e n e r a l  p r o p o r t i o n a l  t o  t h e  s i z e  o f  
i t s  d e v i a t i o n ,  measured i n  v o l a t i l i t y  u n i t s ,  f rom t h e  
a n t i c i p a t e d  v a l u e .  The e f f e c t  o f  a  c r o s s  impac t  upon 
a n  e v e n t  i s  t o  r a i s e  or  lower  i t s  p r o b a b i l i t y  o f  oc- 
c u r r e n c e  i n  s u b s e q u e n t  s c e n e s ;  t h e  e f f e c t  o f  a  cross 
impac t  upon a  t r e n d  i s  t o  r a i s e  o r  l ower  i t s  subse -  
q u e n t  v a l u e s ,  a g a i n  measured i n  v o l a t i l i t y  u n i t s .  
( A  ' + I  o r  I - '  o r  ' = I  a f t e r  a n  e n t r y  s i g n i f i e s  t h a t  
t h e  impac t  i n  l a t e r  s c e n e s  i n c r e a s e s ,  d e c r e a s e s ,  o r  
r e m a i n s  t h e  same; o t h e r w i s e  t h e  impac t  o c c u r s  o n l y  
o n c e ,  namely i n  t h e  n e x t  r c e n e .  A p a r e n t h e t i c  i n -  
e q u a l i t y  ' < 100 ' o r  ' > 30 ' s i g n i f i e s  t h a t  t h e  impac t  
o c c u r s  o n l y  i f  t h e  v a l u e  o f  t h e  i m p a c t i n g  t r e n d  i s  
less  t h a n  100 o r  more t h a n  30,  r e s p e c t i v e l y .  The 
syalbol I s i g n i f i e s  t h a t  t h e  impac t  o c c u r s  o n l y  i f  
t h e  i m p a c t i n y  t r e n d  d e v i a t e s  p o s i t i v e l y  f rom i t s  a n t i -  
c i p a t e d  v a l u e .  ) 
( 1 2 )  The i m p a c t s  o f  any a c t i o n s .  Here, a s  i n  ( 7 1 ,  d e t a i l s  
a r e  o m i t t e d  i n  t h i s  p r e s e n t a t i o n .  
The model s h o u l d  now b e  r e a d y  t o  r u n .  To b e g i n  w i t h ,  t o  
check  t h e  p r o p e r  pe r fo rmance  o f  t h e  model ,  it i s  b e s t  t o  c o n d u c t  
a  number o f  " b a s i c  r u n s " ,  i n  which no i n t e r v e n t i v e  a c t i o n s  a r e  
t a k e n .  A s i n g l e  s u c h  r u n  p r o c e e d s  a s  f o l l o w s :  
I n  Scene  1 ,  " d e c i d e "  (by  a  s t a n d a r d  Monte C a r l o  d rawing  o f  
random numbers)  which o f  t h e  e v e n t s  o c c u r ;  a d j u s t  t h e  e v e n t  p roba -  
b i l i t i e s  and  t r e n d  v a l u e s  f o r  Scene  2  a c c o r d i n g  t o  t h e  c r o s s -  
impac t  m a t r i x ;  t h e n  p roceed  t o  Scene  2 ,  h a v i n g  a d j u s t e d  t h e  t r e n d  
v a l u e s  f u r t h e r  by a d d i n g  random v o l a t i l i t y  d e v i a t e s .  Again de -  
c i d e  which  e v e n t s  a r e  now o c c u r r i n g ,  and a l s o  o b s e r v e  t h e  d e v i a -  
t i o n s  o f  t r e n d  v a l u e s  f rom t h e i r  a n t i c i p a t e d  v a l u e s  a s  o f  t h e  
b e g i n n i n g  o f  Scene  2;  a d j u s t  t h e  e v e n t  p r o b a b i l i t i e s  and t r e n d  
v a l u e s  f o r  Scene  3  a c c o r d i n g  t o  t h e  c r o s s  i m p a c t s  c a u s e d  by e v e n t  
o c c u r r e n c e s  ( o r  n o n o c c u r r e n c e s )  and t r e n d  v a l u e  d e v i a t i o n s .  R e -  
p e a t  t h e  p r o c e d u r e  f o r  S c e n e s  3,4, ..., 10. The r e s u l t  w i l l  b e  a  
" s c e n a r i o "  o f  e v e n t  o c c u r r e n c e s ,  by s c e n e s ,  and of  t r e n d  v a l u e  
a d j u s t m e n t s .  
Two b a s i c  r u n s  w i l l  y i e l d  d i f f e r e n t  s c e n a r i o s  b e c a u s e  o f  t h e  
random e f f e c t s  t h a t  a r e  p r e s e n t .  A l a r g e  number o f  r u n s  s h o u l d  
p r o d u c e  a v e r a g e  t r e n d  v a l u e s  c l o s e  t o  t h e  i n p u t  v a l u e s  and  £ r e -  
q u e n c i e s  o f  e v e n t  o c c u r r e n c e s  i n  e a c h  s c e n e  t h a t  c l o s e l y  r e f l e c t  
t h e  i n p u t  p r o b a b i l i t i e s .  The r e s u l t  o f  10 b a s i c  r u n s  i s  shown 
below:  
E v e n t  o c c u r r e n c e s :  
S c e n e 1  2 3 4 5 6 7 8 9 1 0  
1 5 2  
1 3 1 4  
2 1 1  
4 1 3 1  
4 3 5 3 4 5 5 4 3  
4 4 1  1 1 1  
1 1 2  
2 1 2  
Average  t r e n d  v a l u e s :  
5.1 5.4 5.7 6.0 6.3 
107 113 120 123 125 
100 90 83 82 86 97 106 116 122 135 145 
102 101 106 110 121 138 161 185 194 199 203 
20 26 32 36 39 45 49 55 63 71 71 
101 102 108 108 114 125 142 161 174 185 190 
Next ,  some s e n s i t i v i t y  r u n s  s h o u l d  b e  c a r r i e d  o u t .  F o r  i n -  
s t a n c e ,  o n e  m i g h t  a s k :  How d i f f e r e n t  would t h e  r e s u l t s  b e  i f  
Event  E9 were t o  o c c u r  i n  S c e n e  I? o r  i f  T rend  T 2  w e r e  s u b s t a n -  
t i a l l y  l ower  t h a n  a n t i c i p a t e d  i n  b o t h  S c e n e s  1 and  2? The f o l l o w -  
i n g  t a b u l a t i o n s  p e r m i t  a  c o m p a r i s o n  o f  t h e s e  c a s e s  w i t h  t h e  b a s i c  
c a s e  (where  c a r e  h a s  b e e n  t a k e n  t o  s t a r t  e a c h  a t  t h e  same random 
number e n t r y ,  wh ich  g u a r a n t e e s  t h a t  a t  a n a l o g o u s  s t o c h a s t i c  d e -  
c i s i o n  p o i n t s  w e  w i l l  b e  e q u a l l y  " l u c k y "  o r  " u n l u c k y "  i n  a l l  cases) :  
Among t h e  n o t e w o r t h y  f e a t u r e s  o f  t h i s  s c e n a r i o  a r e  t h e s e :  A v e r y  
low l e v e l  o f  T I 0  ( h a r v e s t  c o n d i t i o n s )  i n  S c e n e s  3  and  4 c a u s e s  T2 
( f o o d  p - c )  t o  b e  v e r y  low i n  S c e n e s  4  and 5 ,  i n  t u r n  c a u s i n g  TI 
( p o p u l a t i o n )  t o  b e  l o w e r  t h a n  e x p e c t e d  t h e r e a f t e r ;  t h e  o c c u r r e n c e  
o f  El  ( b r e e d e r  r e a c t o r )  and E2 ( s o l a r  e n e r g y )  i n  S c e n e s  4  and  5  
c a u s e s  T8 ( e n e r g y  p r o d u c t i o n )  t o  r i s e  s u b s t a n t i a l l y  a b o v e  e x p e c t e d  
l e v e l s ;  t h e  ( u n u s u a l )  o c c u r r e n c e  o f  E9 ( t r a n s m u t a t i o n )  i n  Scene  7  
c a u s e s  T4 ( r a w  m a t e r i a l s )  t o  r ise  s h a r p l y  t oward  t h e  e n d .  
< 
E x h i b i t  2: 1  B a s i c  Run 
E v e n t  o c c u r r e n c e s :  
S c e n e 1  2  3  4  5  6  7  8  9  10 
E  1  
E2 
E3 
E4 
E 5  
E6 
E7 
E8 
E9 
1  
1  
1  
1  
1  1  
1  
1  
1  
1  
T rend  v a l u e s :  
S c e n e 1  2  3 4  5  6  7  8  9  1 0 1 1  
TI 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
TI 0  
TI 1  
3 . 9  4 . 2  4.4 4 .5  4 .4  4 . 5  4 .7  5 . 0  5 . 5  5 . 8  6 . 2  
99 88 81 78 79 96 113  114 118 120 127 
26 33 32 38 37 28 23 25 20 14 12  
98 92 100 90 80 8 5  109 117 130 142 148 
99 86  96 126 1 3 3  111 154 184 193  198 204 
23 31 32 28 32 40 42 45 60 73 72 
95 '30 95 100 106 122 129  1 4 5  164 187 188 
1 0 5  1 13  119 130 150 1 7 3  212 234 283 304 345 
19 20 24 24 22 24 27 29 29 31 31 
49 52 45 45 56 61 64 57 65  71 65  
50 49 37 32 34 39 49 59 57 68 66 
4 
E v e n t  o c c u r r e n c e s :  
S c e n e 1  2 3 4  5  6  7  8  9 1 0  
--- 
T r e n d  v a l u e s :  
7  8  9  1 0  11 
98 1 0 5  121 1 1 5  112 121 1 4 3  142  154 159  138 
99  86 102  136  148  1 2 5  161 188 194 198 204 
23  31 32 29 3 3  44 47 48 63  74 72 
9 5  90 95  1 0 3  1 1 3  132  139 1 5 3  169  189 1 8 9  
1 0 5  1 1 3  120  140  157 181 219 241 289 308 349 
19 21 24 24 22 24 27 29 29 30 31 
Compared t o  t h e  b a s i c  r u n  ( E x h i b i t  2 ) ,  i n  w h i c h  E9 o c c u r r e d  o n l y  
i n  S c e n e  7 ,  T4 ( r a w  m a t e r i a l s )  i n c r e a s e s  s h a r p l y  i n  S c e n e  2 a n d  
t h e r e a f t e r  (as  e x p e c t e d ) ,  b u t  t h e  d i f f e r e n t i a l  e f f e c t  o n  T5 ( i n -  
d u s t r i a l  o u t p u t ) ,  w h i c h  i s  q u i t e  n o t i c e a b l e  a t  f i r s t ,  d e c l i n e s  
t o w a r d  t h e  e n d  s i n c e  T4 t h e n  i s  a b o v e  1 0 0  i n  b o t h  cases. W e  n o t e ,  
too ,  t h a t  T7 ( a c r e a g e  p r o d u c t i v i t y )  a n d  h e n c e  T2 ( f o o d  p - c )  show 
s l i g h t  i m p r o v e m e n t s  i n  t h e  m i d d l e  r a n g e .  
T u r n i n g  now t o  t h e  q u e s t i o n  o f  t h e  s e n s i t i v i t y  t o  T2 
( f o o d  p - c ) ,  t h e  r e s u l t s  shown i n  t h e  f o l l o w i n g  e x h i b i t  w e r e  ob-  
t a i n e d :  
E v e n t  o c c u r r e n c e s :  
S c e n e 1  2  3  4  5  6  7  8  9  1 0  
T r e n d  v a l u e s :  
4  5 6 7  8  9 1 0 1 1  
. 1  4 . 3  q 0 4  4 . 6  4 . 7  5 . 0  5 . 5  5 . 8  6 . 2  
98 92 101 90 76 81 106 118  131 142 149  
99 8 5  98 1 3 3  139 1 1 3  151 1 8 3  192 197 203 
23 31 32 28 33  42 44 45 60 7 3  72 
95  90 94 99 1 0 5  1 2 3  129  1 4 5  164 186 188  
Compared,  a g a i n ,  t o  t h e  b a s i c  r u n  ( E x h i b i t  2 ) ,  t h e  e f f e c t  o f  a  
l o w e r  T2 ( f o o d  p -c )  i n  S c e n e s  1  a n d  2  i s  t o  l o w e r  TI ( p o p u l a t i o n )  
s u b s t a n t i a l l y  t h e r e a f t e r  a t  f i r s t  . e l  i n  S c e n e s  2  - 4 ) ;  b u t  t h e  
smaller p o p u l a t i o n ,  i n  t u r n ,  c a u s e s  T2,  a n d  c o n s e q u e n t l y  TI it- 
s e l f ,  t o  r i se  a g a i n  l a t e r ,  so  t h a t  t h e  f i n a l  p o p u l a t i o n  f i g u r e s  
t o w a r d  t h e  e n d  a re  c o m p a r a b l e  t o  t h o s e  o f  t h e  b a s i c  case. T h e s e  
f l u c t u a t i o n s  a l so  are  r e f l e c t e d  i n  t h e  v a l u e s  o f  T I 1  ( q u a l i t y  o f  
l i f e ) .  
S i m i l a r  i n  n a t u r e  t o  3 s c n ~ i i t i v i t y  t e s t ,  s u c h  as e x e m p l i f i e d  
by  E x h i b i t s  3  a n d  4 ,  i s  t h e  case o f  p l a y e r s '  i n t e r v e n t i o n s .  To 
i l l u s t r a t e  a s i m p l e  o n e - p l a y e r  i n t e r v e n t i o n ,  w e  may e x a m i n e  t h e  
e f f e c t  o f  a n  OPEC o i l  embargo i n  S c e n e  1 .  A g a i n ,  t o  make d i r e c t  
c o m p a r i s o n s  w i t h  t h e  b a s i c  case ( E x h i b i t  2 )  p o s s i b l e ,  t h e  same 
random-number e n t r y  p o i n t  was  c h o s e n :  
Event  o c c u r r e n c e s :  
S c e n e 1  2 3  4 5 6  7  8  9  10 
-- 
Trend v a l u e s :  
. 6  4.9 5.4 5.7 6.1 
99 88 81 76 76 - 9 4  113 11.4 119 120 128 
26 33 32 37 36 28 22 25 20 16 13  
98 92 97 92 82 86 109 116 129 142 147 
99 86 90 121 132 112 156 185 193 199 203 
23 31 32 28 31 40 42 45 61 73 72 
95 90 93 98 104 121 127 1 4 4  164 186 187 
105 104 118 129 150 174 212 233 283 296 331 
19 20 23 24 22 24 27 29 29 31 31 
The t a k i n g  o f  A c t i o n  5  i n  Scene  1 ,  e x c e p t  f o r  i t s  o b v i o u s  im m e-  
d i a t e  i n f l u e n c e  on T8 ( e n e r g y )  i n  Scene  2 ,  h a s  l i t t l e  l a s t i n g  
e f f e c t  o f  a n y  s i z e .  Y e t ,  it i s  i n t e r e s t i n g  t o  o b s e r v e  some of  t h e  
minor  r e p e r c u s s i o n s ,  b e c a u s e  t h e y  a r e  t y p i c a l  o f  t h e  k i n d  o f  ter-  
t i a r y  r i c o c h e t  e f f e c t s  t o  which t e c h n o l o g y - a s s e s s m e n t  i n v e s t i g a -  
t i o n s  have  drawn some a t t e n t i o n .  Thus ,  t h e  d e c l i n e  o f  T8 i n  
Scene  2  c a u s e s  T4 ( raw m a t e r i a l s )  and T5 ( i n d u s l r i a l  o u t p u t  p-c)  
t o  b e  l o w  i n  Scene  3.  But w h i l e  t h e  d e t e r i o r a t i o n  o f  T5 c o n t i n -  
u e s  ( r e i n f o r c e d  by t h e  d e c l i n e  o f  T 4 ) ,  t h a t  same t r e n d  c a u s e s  T4 
t o  r e c o v e r  i n  Scene  4 .  However, T 4 ' s  r e c o v e r y ,  i n  t u r n ,  Sets o f f  
a  r e c o v e r y  o f  T5, and  so  o n ,  r e s u l t i n g  i n  some s l i g h t  o s c i l l a t i o n s  
o f  T4 and T5. T 8 ' s  d e c l i n e  a l s o  c a u s e s  a  r e d u c t i o n  i n  T7 ( a c r e a g e  
p r o d u c t i v i t y ) ,  which i s  p a s s e d  on v i a  T2 ( food  p-c)  t o  T1 (popu la -  
t i o n ) .  The r e d u c e d  p o p u l a t i o n  p r e s s u r e  c a u s e s  e f f o r t s  toward  E3 
( f u s i o n  e n e r g y )  t o  d e c l i n e ,  w i t h  t h e  r e s u l t  t h a t  E3 (which had 
o c c u r r e d  i n  Scene  9  i n  t h e  b a s i c  c a s e )  f a i l s  t o  t a k e  p l a c e ,  c a u s i n g  
T8 t o  b e  n o t i c e a b l y  lower toward  t h e  end .  
I n  t h e  r e a l  w o r l d ,  a n  o i l  embargo ( a s  i l l u s t r a t e d  i n  t h e  
p r e v i o u s  example)  would c a l l  f o r t h  r e a c t i v e  i n t e r v e n t i o n s  by 
o t h e r  c o u n t r i e s .  The f o l l o w i n g  c a s e  ( E x h i b i t  6 )  i l l u s t r a t e s  a 
r e s p o n s e  by t h e  U.S. i n  Scenes  2  and 3 by t a k i n g  A c t i o n s  6  ( l a w  
a g a i n s t  e n e r g y  w a s t e )  and 8  (R+D t o  promote  E l  [ b r e e d e r  r e a c t o r ] ) :  
The e f f e c t  o f  t h e  U.S. c o u n t e r a c t i o n  i n  S c e n e s  2 and 3  t o  t h e  
OPEC embargo i n  Scene  1 ,  a s  c a n  b e  s e e n ,  i s  t o  l o w e r  T 5  ( i n d u s -  
t r i a l  o u t p u t  p-c) and r a i s e  T 9  ( i n v e s t m e n t )  t e m p o r a r i l y ;  a t  t h e  
same t i m e ,  i n c r e a s e d  R+D t oward  E l  ( b r e e d e r  r e a c t o r )  b r i n g s  a b o u t  
i t s  o c c u r r e n c e  o n e  s c e n e  e a r l i e r ,  r e s u l t i n g  i n  a n  i n c r e a s e  o f  T 8  
( e n e r g y )  s l i g h t l y  beyond what  it would h a v e  been  i n  t h e  b a s i c  
c a s e ,  i . e . ,  w i t h o u t  OPEC i n t e r v e n t i o n  or  t h e  U.S. r e a c t i o n  t o  it. 
a 
E x h i b i t  6 :  A c t i o n  5  i n  Scene 1 ,  r e sponded  t o  
by A c t i o n s  6  and 8  i n  Scenes  2  and 3  
Even t  o c c u r r e n c e s :  
S c e n e 1  2  3  4  5  6  7  8  9  1 0  
W e  f i n a l l y  t u r n  t o  what  may b e  c o n s i d e r e d  t o  have  g i v e n  r i s e  
t o  t h e  d e s i g n  o f  t h i s  i l l u s t r a t i v e  model ;  t h a t  i s ,  t h e  need t o  
p r o d u c e  a  p l a n n i n g  model t h a t  migh t  b e  a  c o n s t r u c t i v e  s e q u e l  t o  
E l  
E 2  
E 3  
E4 
E 5  
E 6  
E7 
E 8  
E 9  
1  
1  
1  
1 
1  
1  
1  
1  
Trend  v a l u e s :  
S c e n e 1  2  3  4  5  6  7  8  9  1 0 1 1  
T 1  
T 2  
T 3  
T 4  
T 5  
T 6  
T 7  
T 8  
T 9  
T I 0  
T I 1  
J 
-- - --- - -- 
3 . 9  4 . 2  4 . 4  4 . 5  4 . 4  4 . 4  4 . 6  4 . 9  5 . 4  5 . 7  6 . 1  
9 9  8 8  8 1  7 6  7 6  9 6  1 1 5  1 1 6  1 2 0  1 2 1  1 2 8  
2 6  3 3  3 2  3 4  3 5  3 4  2 7  3 0  2 4  1 7  1 3  
9 8  9 2  9 7  9 3  8 6  8 6 1 0 7 1 1 5 1 3 0 1 4 3 1 4 9  
9 9  8 6  8 8  1 2 0  1 3 9  1 2 0  1 6 1  1 8 7  1 9 4  2 0 0  2 0 6  
2 3  3 1  3 2  2 7  3 0  4 0  4 4  4 7  6 2  7 4  7 2  
9 5  9 0  9 3  9 8  1 0 6  1 2 5  1 3 3  1 4 9  1 6 7  1 8 8  1 8 9  
1 0 5  1 0 4  1 1 8  1 3 8  1 5 7  1 8 1  2 1 9  2 4 0  2 8 9  3 0 9  3 4 9  
1 9  2 0  2 4  2 4  2 2  2 4  2 7  2 9  2 9  31  3 1  
4 9  5 2  4 5  4 5  5 8  6 2  6 2  5 5  6 4  7 0  6 5  
5 0  4 9  3 6  2 9  , 3 3  3 8  4 8  5 9  5 7  6 8  6 6  
t h e  Limits-to-Growth t r e a t m e n t  o f  t h e  t h r e a t e n i n g  g l o b a l - r e s o u r c e s  
d i s a s t e r .  The p r e s e n t  model, a t  l e a s t  i n  p r i n c i p l e ,  accompl i shes  
t h i s  by p r o v i d i n g  t h e  p o s s i b i l i t y  of  d e a l i n g  w i t h  two k i n d s  o f  
i n t e r v e n t i o n s :  t h e  o c c u r r e n c e  o f  c e r t a i n  s t o c h a s t i c  e v e n t s  and 
t h e  t a k i n g  of  d e l i b e r a t e  a c t i o n s  by s i m u l a t e d  dec i s ion-makers .  
The s t o c h a s t i c  e v e n t s  i n c l u d e d  i n  o u r  model f o r  i l l u s t r a t i v e ' :  
pu rposes  a r e  E l  t o  E 9 ;  t h e y  o c c u r  w i t h  c e r t a i n  p r e s e t  nonnega t ive  
p r o b a b i l i t i e s .  To approx imate  t h e  Limit.s-to-Growth c a s e ,  where 
none of  them a r e  assumed t o  t a k e  p l a c e ,  w e  changed a l l  t h e i r  proba-  
b i l i t i e s  of  o c c u r r e n c e  t o  z e r o ,  w i t h  t h e  f o l l o w i n g  r e s u l t s :  
Event o c c u r r e n c e s :  none 
Trend v a l u e s :  
26 3 3  32 38 44  50 4 3  4 3  39 31 2 3  
98  9 2  9 3  7 8  66  6 7  84  7 5  72  77 7 9  
9 9  8 6  96 1 2 6  1 3 2  1 0 0  121  1 5 3  1 5 3  1 5 0  1 4 9  
23  31 32 28  3 2  40 41 39 52  6 5  6 5  
9 5  9 0  9 5  1 0 0  1 0 4  1 1 5  111 111  121  1 3 9  1 4 3  
1 0 5  1 1 3  1 1 9  1 3 0  1 4 1  144  1 6 3  1 6 3  1 9 5  1 9 9  234 
1 9  20 24 24 22 - 2 4  2 7  28 28 29 30  
49 52  45  4 5  5 6  58 5 5  50 5 5  61 57 
Dramatic  changes  f o r  t h e  worse from t h e  b a s i c  c a s e  a r e  e v i d e n t .  
I f  t h e y  a r e  n o t  q u i t e  s o  d r a s t i c  a s  t h e  Limits-to-Growth s t u d y  
would have s u g g e s t e d ,  t h i s  may w e l l  be due  t o  o u r  r e l a t i v e l y  con- 
s e r v a t i v e  assumpt ions  on t h e  e f f e c t  of t h e  o c c u r r e n c e  o f  Events  
E l  t o  E 9 .  The p o i n t  i s  t h a t ,  whatever  a s sumpt ions  one might  wish 
t o  make r e g a r d i n g  t h e i r  i n f l u e n c e ,  t h e  t y p e  of  model shown h e r e  
makes it p o s s i b l e  t o  examine how s e n s i t i v e l y  t h e  outcome depends  
on  t h e  o c c u r r e n c e  and i n t e r a c t i o n s  of t h e  e v e n t s  i n  q u e s t i o n  and,  
t h e r e f o r e ,  by i m p l i c a t i o n ,  on  i n t e r v e n t i v e  a c t i o n s  i n i t i a t e d  t o  
a f f e c t  t h e  l i k e l i h o o d  of  t h e i r  o c c u r r e n c e .  
To c o n c l u d e  t h i s  p a p e r ,  one  more c a s e  ( K x h i b ~ t  8 )  w i l l  be  
p r e s e n t e d ,  which i l l u s t r a t e s  t o  what e x t e n t  t h e  s c e n a r i o  shown i n  
E x h i b i t  7 c a n  b e  m o d i f i e d  f o r  t h e  b e t t e r  t h r o u g h  r e l a t i v e l y  modest  
* i n t e r v e n t i o n s  by t h e  U . N .  and t h e  U.S.: 
A s  c a n  b e  s e e n ,  t h e  c o u n t e r a c t i o n s  t a k e n  d u r i n g  t h e  f i r s t  20 y e a r s  
(Scenes  1-4) of  t h e  50-year  p e r i o d  unde r  c o n s i d e r a t i o n  have  t h e  
e f f e c t  o f  improving  a l l  t h e  i n d i c a t o r s  markedly  ( c f .  E x h i b i t  7), 
t o  t h e  e x t e n t  o f  even  g e n e r a l l y  exceed ing  t h e  l e v e l s  a t t a i n e d  i n  
Scenes  3-6 i n  t h e  b a s i c  c a s e  ( E x h i b i t  2). 
E x h i b i t  8: The b a s i c  no -even t s  c a s e  
m o d i f i e d  by t h e  i n d i c a t e d  i n t e r -  
v e n t i o n s  d u r i n g  t h e  n e x t  20 y e a r s  
I n t e r v e n t i v e  a c t i o n s :  
Scene  1 2 3 4 
I t  may, o f  c o u r s e ,  be  o b j e c t e d  t h a t  t h i s  r e s u l t  m e r e l y  i s  a  
consequence  o f  t h e  i n p u t  numbers c h o s e n  f o r  o u r  i l l u s t r a t i o n .  
So it i s ;  y e t  more c a r e f u l l y  c h o s e n ,  and t h u s  presumably  more 
r e a l i s t i c ,  numbers a r e  u n l i k e l y  t o  change  t h e  outcome by a n  o r d e r  
o f  magn i tude .  I n  any e v e n t ,  I d o  n o t  wish  t o  a n t i c i p a t e  t h e  sub-  
s t a n t i v e  r e s u l t s  o f  a  more s e r i o u s  p l a n n i n g  s t u d y  a l o n g  t h e  l i n e s  
s u g g e s t e d  h e r e ;  my i n t e n t i o n ,  r a t h e r ,  was t o  show t h e  p o t e n t i a l i -  
P l a y e r  a 
P l a y e r  b  
A2,A3 A4 ,A7 A7 A7 
A6,A8 A8,A12 A12,A17 A1 8 
Event  o c c u r r e n c e s :  
S c e n e 1  2 3 4 5 6 7 8 9 10 
El 
E5 
1 
1 1 1 
Trend v a l u e s :  
- 
S c e n e 1  2 3 4 5 6 7 8 9 1 0 1 1  
T1 3.9 4.2 4.5 4.6 4.6 4.7 4.7 4.9 5.3 5.6 6.0 
T2 99 90 83 84 89 105 116 113 113 113 121 
T3 26 30 28 35 39 44 38 38 33 27 22 
T4 98 92 93 85 70 81 106 1 1 1  116 125 130 
T5 99 83 96 136 143 110 132 163 171 176 180 
T6 23 31 39 52 68 74 70 62 68 74 70 
T7 95 90 99 108 115 129 128 131 142 162 166 
T8 105 110 117 128 147 154 178 186 226 236 278 
T9 19 21 24 24 22 24 27 29 29 30 30 
TI0 49 52 47 47 61 63 60 53 57 64 58 
TI 1 
A 
50 48 39 35 40 46 48 55 52 64 63 
t i e s  o f  a  new m e t h o d o l o g i c a l  a p p r o a c h  t h a t  p e r m i t s  s i m u l a t e d  re- 
a c t i o n s  by d e c i s i o n - m a k i n g  a g e n c i e s  t o  u n f o r e s e e n  t e c h n o l o g i c a l ,  
e n v i r o n m e n t a l ,  o r  s t r a t e g i c  c o n t i n g e n c i e s .  
I n  p a r t i c u l a r ,  t h e  " o n l y  f e a s i b l e  s o l u t i o n "  p r e s e n t e d  by 
Mesa rov ic  a n d  p e s t e l '  m i g h t  b e  s u b j e c t e d  t o  c l o s e  r e e x a m i n a t i o n  
by s u c h  a n  a p p r o a c h ,  n o t  so much t o  t e s t  i t s  v a l i d i t y  b u t  t o  de - ' :  
t e r m i n e  w h e t h e r  i t s  p r e c a r i o u s n e s s  c a n  b e  a t t e n u a t e d  t h r o u g h  t h e  
i n c l u s i o n  o f  model-endogenous i n t e r v e n t i v e  e v e n t s .  
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